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INTRODUCTION 
Plant analysis has developed into a diagnostic tool for measuring 
the nutrient status of crops. Plant analysis promises to greatly sup­
plement the methods now available for estimating nutrient sufficiency, 
and as a result, increase the yield of crops. 
For small grains, the sampling time recommended for plant analy­
sis is the reproductive stage ·of growth. This period has been used 
to determine nutrient concentrations of N, P, K, Ca, Mg, S, Zn, Mn, 
and Fe. 
Much concern exists with regards to the accuracy of plant analy­
sis in predicting the nutrient status of small grain plants. Concern 
spring wheat, and barley under various fertilizer treatments. Various 
N-P fertilizer treatments have not always showed comparable increases 
in N and P concentration of the small grain plants· at the boot to 
bloom stages of growth. In trying to explain the results, such terms 
as dilution or the dilution effect have been used. Although these 
terms are used, they tell us nothing about the nutrient status of the 
plants. 
Because of the lack of informa�ion available on pl.ant analysis 
o __ small grains and the concern over values obtained in the pa.st, a 
field study was undertaken to study the nutrient concentrations of 
small grains at different stages of growth. Another objective was to 
determin.e the stage of growth most reliable for indicating the nutrient 
su.fficiericy levels in the plant. 
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LITERATURE REVIEW 
Plant analysis may be used as a means of estimating the mineral 
nutrition of a plant, and the availability of plant nutrients that 
are present in the soil. Plant analysis gives th� researcher relative 
values for determining the su�ficiency of nutrient levels in the 
plants. Adequate mineral nutrition is the answer to increased yields, 
and plant analysis is helpful in determining adequate mineral nutri-
. tion of plants. 
In Steenbjerg's (Jl) review of yield curves and plant analysis, 
he concluded that several factors influence the nutrient status of 
plants. They are: soil factors, climate, nature of the plant, and 
These a.lG"i'ig with f 1;frtilizat.i.uu anu. eri i:.ical 
nutrient levels shall be covered in the following review. 
Soil Factors 
The 1957 Yearbook of Agriculture (25) gives an excellent general 
review of the influence of soil factors on plant growth and nvtri.tion. 
For example, trace elements (Fe, Mn, Cu, and Zn) become less soluble 
as pH is increased above neutral conditions. Ca, K, and Mg become less 
available a.s the soil acidity increases. Pho$phorus is most available 
at pH values near neutral·to slightly acid, and will decrease in 
availability if the soil is moderately or strongly acidic or 
calcareous. 
The 1957 Yearbook of Agriculture· states that the amount and kind 
;.-. ·. . .. . _._· . .. 
of org�nic matter has an influence-on 1-1lant nutritl.on. Organic matter 
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high in proteinaceous materials will supply quantities of N, S, :P,, 
and many other nutrients when broken down by microorganisms. Or_gani.c 
matter high in lignins, waxes, resins, oils, and fats are highly 
resistant to chemical or biological decomposition . As a result, _:Yew 
nutrients are released. 
The soil microorganisms and macroorganisms are essential _fo� 
plant nutrition. Microorganisms, the major biological decomposers, 
are responsible for the decomposition of ·organic matter and the 
release of nutrients. Macroorganisms' contribution is mainly that 
of formation and improvement of soil structure. For example, the 
beneficial effects of earthworms on plant growth are largely associ­
ated with improved aeration and tilth. 
Several other soil factors are discussed in the 1957 Yearbook 
of Agriculture; however, they will merely be stated. They are: 
parent material, structure, and aeration. 
Climate 
Temperature effect on nutrient uptake is varied. Nielson, -et 
al. (22) found that increasing the soil temperature from 5 ° to 
19.5°c increased the concentration of N, P, Ca, and Mg of oats. 
In many cases, increases in the concentration of N, P, and Kin the 
plant contributed to increases in uptake. The effect of soil tem­
perature on the concentration of phosphorus was greater than that ·of 
the other elements involved in the study. Dealing with barley, 
Powers et 
0 0 0 
al. (23) used 9 ,  15 , and 22 C as temperature treatments. 
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At the third leaf stage· of growth, nutrient content was greatly 
stimulated by increased temperatures. However, their results indi­
·cated that barley plants harvested at equal stages of morphological 
development were not detrimentally affected by low soil temperatures. 
The nutrient concentration and water use suggested that the slow 
initial growth at 9°c may be due to restricted nutrient translocation 
from roots to tops, rather than to the reduced rate of uptake of 
water or nutrients. This work implied that although the high tem­
peratures decreased the need for a longer growing season, the nutrient 
content was not detrimentally affected by lower temperatures. 
Certain elements react differently to high and low moisture 
levels. In a study with bean plants, Burtch et al. (7) showed that 
a high level of moisture together with low soil temperature was most 
conducive to high-lime chlorosis. In another study by Wesley (35), 
there was a significant decrease in fertilizer phosphorus uptake with 
an increase in soil moisture·tension. Wesley concluded that the 
decrease in fertilizer phosphorus uptake was due primarily to a thin 
moisture filln, which was not in contact with both soil and plant 
roots. 
Effect of Fertilization 
Plant Nutrient Concentration 
The source of fertilizer has been found to influence dry matter 
-production and nutrient concentration. Hamilton's (14) study with 
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nutrient uptake and distribution of these elements in the plant wer� 
not markedly changed by fertilization. He also observed that eariy 
season uptake of N and K was relatively greater than that of P. On 
July 2nd, Hanway observed that 10% of the total P, 17% of the total 
N, 20% of the total K, and 6% of the total dry weight had accumula­
ted. While on July 29th, 50%, 65%, 75%, and 44%, respectively had 
accumulated in the plant. Boatwright et al. (6) showed that N and 
P fertilization of spring wheat produced maximum N and P uptake at 
the heading-stage, while the unfertilized treatment produced maximum 
uptake at maturity. 
Mineral Nutrient Requirements for Plants 
Nature of Plant 
The quantity of nutrients absorbed and translocated is d�pendent 
on the plant's genetic makeup and the environment under which the 
plant is grown (25). McNeal (20) in a study of five spring wheat 
varieties has shown variations with respect to N (uptake and trans­
location) and dry matter (accumulation) at successive stages of 
growth. For the first two sampling dates there were variety dif­
ferences with respect to �eaf N. The maximum amount of N occurring 
in the stems and leaves depended Upon variety. Also the amount of 
N remaining in the stems and leaves on August 19th depended on the 
variety. The losses were presumably due to translocation of N to 
the kernels. With respect to the dry weights, there was a 
7 
., 
significant interaction between dates of sampling and varieties for 
leaf and kernel weights; but this was not true for the stems. Young 
·et al. (38) observed significant differences in Ca and Sr concentra­
tions among varieties of barley seedlings grown in nutrient solutions. 
Analysis of corn ear leaves suggests that concentrations of P, 
K, Mg, Cu, Zn, Mn, and Fe were not phenotypically related to grain 
concentrations of the same elements, suggesting that various genetic 
factors were involved (lJ). Baker et al. (2) explained that several 
genetic factors might be involved. One possible explanation was that 
the inherent differences among hybrids was the result of varying 
depth of rooting in the crop varieties. 
Baker et al. (J) reported that differences in relative concen-
trations of nutr.ienLs (Sr, Ca, Hg, K, P, Mn, Fe, B, and Zn) in the 
field and in the greenhouse indicate that gross changes in environ­
ment can influence nutrient concentrations of corn hybrids. For 
example, K accumulation of the five hybrids ranked 5 > 4 > 1 > 2 > 3 
in the greenhouse, while under field conditions the same five hybrids 
ranked 2> 1 > 5) 4 > 3. Differential concentrations resulted from 
independent mechanisms which were under genetic control; but they were 
stimulated or repressed with changes in the environment in which the 
plants grow. 
Critical Levels 
Macy (19) postulated that the mineral nutrition requirement for 
plants is called the critical percentage or c�itic 1 level of each 
essential nutrient for each plant. Above this level there was luxury 
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consumption, and below this level.there was poverty adjustment, which 
was aµnost proportional to the deficiency until a minimum percentage 
is reached. Woodman et al. (37) , working with wheat, found that among 
plants of a population there was a wide fluctuation of the critical 
level. He attributed the fluctuation to these facts: (1) the indi­
vidual plants do not pass similarly through the outward stages of 
development; (2) the tillers represented a graded set of nutrient 
levels differing with the degree of development; and (3) the grain, 
florets, etc. were not uniform, but graded. 
The method of determining critical levels of crops is not well 
established. Ulrich and Berry (33) obtained critical levels for lima 
beans by graphing concentration against dry weight. When the beans 
first reached the highest dry weight value, the critical level had 
been established. However, the most frequently used method, as well 
as the most time consuming method, for determining adequate plant 
composition levels has been suggested by Kenworthy of Michigan State 
University (18) . This method involves analyzing many plant samples 
of a particular crop which are developing normally. Average values 
based on means or averages a.re then used to determine sufficiency 
levels. Nutrient values of crops falling below tM.s level are con­
sidered to be low or deficient in t�e particular element analyzed. 
Critical or sufficiency levels have been established for spring 
small grains in South Dakota (27). They are given in Table 1. 
Critical values established by other workers for the same crops 
vary from those established by South Dakota State University. In the 
Table 1. Sufficiency levels for spring small grains 
in South Dakota 
Small Grain* 
Element Oats Barley 
N,% 3. 00-4. 50 J. 20-4. 50 
P,% 0. 2J-0. 40 0. 2J-0. 40 
K,·% 2. 00-5. 00 1. 60-J. 20 
Ca,% 0. 20-0. 70 0. 50-2. 50 
Mg,% 0. 10-0. 60· 0. 25-0. 80 
s, %  0. 15-0. 50 0. 1.5-0 • .50 
_Mn,ppm 20-1.50 20-150 
Zn,ppm 10-60 10-60 
Top two to four leaves at early heading. 
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Wheat 
3. 70-4. 50 
0. 26-0. 40 
1. 60-J. 20 
0. 20-0. 70 
0. 1.5-0. 60 
0. 1_5-0. 50 
20-150 
10-60 
book Diagnostic Criteria for Plants and Soils (8) , there are several 
values which vary from those established at S. D. S. U. Some 
representative values are given in Table 2. 
To establish critical levels, measurements must be taken to 
correct for variation of crop, soil, climatic characteristics, etc. 
Therefore, it is necessary to establish critical plant nutrient 
levels for different areas. This does not insinuate that the past 
research is incorrect, but that the results should be looked at with 
a less critical attitude. 
With the establishment of critical nutrient levels for plants, 
some researchers feel that the values are misleading. Not only is 
concentration important in determining deficiency or sufficiency, but 
also the ratio of concentration with other elements. For example, 
P/Zn ratios (11) and the ratio of K to Ca and Mg are important and 
10 
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do determine the nutrient status. Relationships among elements have 
played an important role in the interpretation of plant analysis. 
Sampling 
The importance of sampling is too often overlooked by researchers. 
Much of the literature does not indicate when, or what plants or plant 
parts were sampled for plant analysis. Since nutrient concentrations 
change with time and plant part, reported values are meaningless 
unless there is an established set of values to which the plant' s 
nutrient status can be evaluated. 
Researchers have found that sampling time is important in evalua­
tion of plant analysis. Mehrotra et al. (21) in a study with wheat 
plants found that no matter what rates of N and-P fertilizer were 
applied, the maximum absorption of N took place at the tiller stage. 
They also found a decline in N concentration up to the flag leaf 
stage, irrespective of treatment. Barley was observed to have the 
maximum percent N at the 4th leaf stage of growth, with several soil 
temperature treatments (23) . Spring wheat leaves, from N and P 
fertilized plots, showed maximum N concentration by the jointing 
stage, while on the unfertilized plots, maximum leaf N concentra­
tions were observed at the flag leaf stage (10 days later) . Phos­
phorus concentration of spring wheat was maximum at flag leaf stage 
and then concentrations decreased to maturity (6). The most common 
sampling time used for evaluation of plant analysis is the reproduc­
tive stage, since this is the period when nutrient demands are 
usually the highest. 
12 
Tyner (32) listed four reasons for his selection of a plant 
part for analysis. The reasons were: (1) the stage is easily 
recognized and described, (2) all varieties within a species mature 
about the same number of days after silking or tasseling (flowering) 
occurs, (3) the weight of the vegetative parts are at or near maximum 
at this time, and (4) this is the period when nutrient demands by 
the plant are very high. 
Numerous researchers have studied plant. pa-rts for the best 
indication of nutrient status (15, 16, 17, 20, 28, 29, 37). Ulrich_ 
and Berry (33) indicated that the following should be kept in mind 
when determining which plant part to sample: (1) it should be 
comparable for all plants at all samplings, (2) it must have a 
,_ + . t. 1-- +- d '"' . . , , ' � ' · . . - . snarp vrQnsi ion zone uevween e1iciency anu auequacy, ,.JJ it shou.Ld 
have a wide range in concentration between deficiency and abundance, 
(4) it should have a relatively constant critical concentration, and 
(5) it should be relatively easy to sample. Chapm�n (9) gives an 
excellent review of the recommended sampling procedures for sixty 
plants for analysis. In addition, he lists references for further 
information on the crop generally described. For small grain, 
Chapman recommended sampling the leaf blade including the ligulae. 
He suggested that the first four leaf blades from the top of the 
plant at the time of flowering (when the head has completely 
emerged) should be used for analysis. Chapman also stated that 
at least 200 or more leaves be selected from the area in question. 
13 
These procedures were used as a diagnosis for N and P deficiencies. 
Presently, they are the procedures used at S. D. S. U. It is 
·necessary to determine if these procedures are correct for nutrients 
other than N and P. 
261108 
CUTH D KOTA STATE UNIVERSITY UBRAR 
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EXPERIMENTAL PROCEDURE 
Two field experiments were established in eastern South Dakota 
for the purpose of studying the nutrient concentration of small grains 
at different stages of growth. Another objective was to determine 
the stage of growth most reliable for indicating the nutrient suffi­
ciency levels in the plants. 
Location 
The location of the experiments was arranged to obtain climatic 
differences� The geographic locations of these sites in eas�ern South 
Dakota are shown in Figure 1. Elevation difference between the two 
Average annual precipitation in the vicinity of the Grant County site 
is approximately 51.6 cm (W. F. Lytle, personal communication) while 
the Brookings County site has an annual precipitation of 54.9 cm 
(24). 
Soil samples were collected early in the spring of 1970. Analy­
sis of the samples was carried out by the Soil Testing Laboratory, 
S. D. S. U. The soil test results along with the legal description 
and soil classification of these sites are given in Tables 3 and 4. 
Field Procedure 
The small grain plots were planted April 29, 1970 (Brookings 
County) and May 1, 1970 (Grant County). Late planting was the result 
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Figure 1. Location of field experiments 
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Table 3 e Soil test re sults of the surface plow layer of the two field locations 
. 1  N HCl Extractable Water 
Soluble Soluble 
Past 0 . M. Bray 1 Exch . pH Salts Mn Zn Ca Mg 
County Crop % P kg/ha K kg/ha 1 : 1 mrnho/ cm ppm ppm meq/l00g meq/ l00g 
Grant flax 4 . 5  21 213 6 . 5  • 2L 236 9 . 7  14 . 6  9 . 5  
Brookings corn 3 . 1 9 218 6 . 8  . rn  163 5 . 9  1.5 . 0  9 . 0  




Soil Clas sifi cation 
Udic Haploboroll. 
fine , loamy, m:Lxed 
Udic Haploboroll 
fine , silty ,  m:LXed 
Legal Des cription 
N½ NE¼ SW¼ of 
Sec .  18 Tl21N R51W 
s½ swt sw¼ of 
Se c . 3.5 TlllN R50W 
N03-N 
ppm 
2 . 1  




planted with an 8-row press drill with 15. 2 cm drill spacings. The 
outside rows were seeded with winter wheat to give a border effect 
· and for marking use .  The plot rows were 12. 2 m long. Each crop 
(oats, spring wheat, and barley) was replicated four times with each 
replicate containing two treatments, fertilized and unfertilized. 
The fertilized treatment was 45+22+0 (kg/ ha; elemental basis) for 
the site in Grant County and 50+22+0 for the site in Brookings 
County. The fertilized treatment was recommended application of 
fertilizer based on the 1970 Soils and Fertilizer Guide (26 ) .  The 
metering device for the application of the fertilizer, calibrated 
for 12. 2 m rows, was a wheel driven rotating belt. The belt · carried 
a pre-weighed amount of fertilizer and dropped it into a cone divider 
that S ...... , .; +  +- b,..,, +' ...... .,,. + � , � - � �  .. � --.i.. o o'- eq-u· al pu· ·r ·'l,· .1· ons . 1-'...__-'- .., v .lv .i.. 0 1.  v..L ..L..L Z..v L  .l. l ! u  
then applied down the shoot with the seed. 
The fertilizer was 
The varieties and seeding rates for oats, spring wheat, and 
barley were as follows : Kota oats, 2. 2 hl/ ha ; waidron spring wheat, 
1 . 1  hl/ha; and Primus II barley, 1. 3 hl/ha. 
Rain gauges were installed at the two locations when plants 
reached the 2 - 3 leaf stage. Adequate moisture was present before 
this time. 
At early tillering stage , small grains were sprayed with 2,4-D 
amine at a rate of . 84 kg/ ha active ingredient. 
At each of the five harvests (2 - 3 leaf stage, tiller stage, 
joint stage , boot stage, and bloom stage) , . 91 x 1. 22 m (3 x 4 ft) 
strips were taken .. All three crops (oats, spring wheat , and barley) 
were harvested each time at both sites. The harvesting procedure 
varied slightly between sites. Because of the late, wet, spring, 
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the plot in Brookings County was worked too hurriedly to prepare a 
good seedbed. This site was in corn the previous year . As a result · 
the seedbed was less than desirable. Therefore, uniform continuous 
stands were measured in the . 91 x 1 . 22 m areas, and only the plants 
in continuous stand areas were harvested. This procedure was 
carried out for all five harvests at this site. 
All of the harvesting was carried out manually with 10 cm 
scissors. It was necessary to use this procedure since at the 2 - 3 
leaf stage, the plants were too small for any mechanical equipment 
that was available. Later in the seaso� some weeds were present 
which had to be separated from the small grain plants requiring the 
afore mentioned method to be used. 
After the first three harvested samples (2 - 3 leaf stage, tiller 
stage and joint stage) arrived in the laboratory, they were immediately 
washed in a dilute Dreft detergent solution. Following the detergent 
washing the plants were rinsed twice with deionized water (29) . The 
plant samples were placed in paper bags and then dried in a forced 
air oven at 60 ° C.  
The final two samplings (boot and bloom stages) were divided 
into four parts. These four parts were: flag leaves ; above first 
node stem ; 2nd, 3rd, and 4th node leaves ; and 2nd, 3rd, and 4th node 
stem. These plant parts were also washed in a dilute detergent 
solution, rinsed twice in deionized water, arid placed in an oven to 
19 
dry at 60° C. Samples which were not divided and washed immediately 
after collection ,  were placed in walk-in coolers at 4° C overnight. 
The division and washing took place as soon as possible the next day. 
Dr-y weights were recorded for all plant samples . The samples 
were then ground in a Wiley mill using a stainless steel screen (40 
mesh) . Ground samples were placed in paper envelopes, which in turn 
were placed in forced air ovens until chemical analysis could be run. 
Laboratory Procedures 
Plant digest - One gram of oven-dried plant material was digested 
with 10 ml of concentrated nitric acid until the volume was reduced 
to 1-2 ml. After cooling, 2. 5 ml of 70% perchloric acid were added 
e.nd digesticr.. continued. Digestion was eomplece after 10-15 minutes 
of dense white fumes appeared and 1-2 ml of clear solution remained . 
Digested material was filtered and brought to volume in 50 ml 
volumetric flasks ( final dilution 1: 50) . From this digest, deter­
minations of P, K, S ,  Ca, Mg, Mn, Zn, and Fe were made. This 
digestion procedure was a modification of the procedure outlined by 
Allan (1) . 
Nitrogen - Nitrogen was determined with the macro-Kjeldhal 
procedure, using Kel-Pac No. 2 ( 10 g K2so4 + 
O. JO g Cuso4) . 
Phosphorus - Total phosphorus was determined colorimetrically 
from the HN03-Hclo4 digestion solution using Barton ' s 
solution ( 4) . 
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PotassiUJn -· · Total potassium was determined directly from a .dilu­
ted HN03-Hc104 digestion solution on the Perkin-ElmeT 
Model No. 146 flame photometer. 
Sulfur - Total sulfur was determined turbidimetrically by �the 
procedure outlined by Blanchar et al. (5 ). 
CalciUJn and MagnesiUJn - The determination of calcium and magns­
siUJn was carried out with the Jarrell-Ash atomic ab�o-i::P­
tion, Model No • .  82-516. The method of determination · wzs 
a modification of the method outlined by David (10) 
using a 1500 ppm Sr solution to control interference 
from other elements. The final dilution for Ca and . M_g 
determination was 1:5000 . 
Hangant::::;e, Iron, and Zinc - Anal.ysis of the HN03-Hc104 digestion 
solutions were run directly on the Jarrell-Ash atomic 
absorption, Model No. 82-516. 
Statistical Analysis 
The small grain plots at both sites were set up in a Randomi­
zed Complete Block design with three crops, four replications, two 
treatments, five sampling periods, and whole plants or four plant 
parts. 
The analysis of variance of the data was carried out by the 
Experiment Station statistician. Two analyses of variance were 
carried out. The first analysis was concerned with the first three 
sampling dates. The second analysis included the final two 
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sampling periods , where the plants were divided into four plant 
parts. Single degree of freedom comparisons were :made on sampling 
dates , plant parts and crops ( 30 ) .  
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RESULTS 
A field study was carried out at two locations to determine the 
nutrient concentrations of oats, spring wheat, and barley. Site 1 was. 
located in Brookings County on a Kranzburg silt loam soil. Site 2, 
in Grant County, was a Vienna silt loam. Soil test results for these 
two soils are given in Table 3 (page 16) . The recommended fertilizer 
application was 50+22+0 (kg/ ha; elemental basis) for Site 1 and 
45+22+o for Site 2. The fertilizer recommended for these soils was 
applied at planting time with a press drill. 
Presentation of the results will concern oats in order to show 
nutrient concentration patterns with respect to the five stages of 
and barley cur .. c.;c:uLra Llon patterns . are 
presented in Appendix Tables III and IV. They follow the general 
nutrient patterns exhibited by oats. Statistically, single degree of 
freedom analysis will be used for comparing sampling periods and plant 
parts (Tables 5, 8 and 9, pages 32, 38, and 40) . 
Plant analysis results are presented in two sections . The first 
section represents the information of the first three sampling stages 
(2 - 3 leaf stage, tiller stage, and joint stage) . The second section 
represents the results of the boot and bloom stages where the plants 
were divided into four plant parts. 
Two-Three Leaf, Tiller and Joint Stages 
Nutrient concentration patterns for N, P, K ,  S, Ca, Mg , Zn , Mn, 
and Fe were detenr· ned for oats at the first three stages of growth. 
% N 
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Figure 2. Percent N of oat plants at three stages of growth as 
influenced by two fertility levels at two sites, Brookings County 
(Site 1) and Grant County (Site 2) . 
Figures 2 through 10 represent these nutrient concentration results. 
Single degree of freedom analyses are presented in Table 5 to show 
statistical differences for stages of growth. 
Results of Figure 2 show the percent N in oat plants at the 2-3 
leaf, tiller and joint stages of growth. Fertilized and unfertilized 
treatments showed a rapid decline from th� first sampling period to 
joint stage. N concentrations of the unfertilized treatment were 
relatively lower ( 20-25%) than the concentrations of the fertilized 
oat plants. The widest margin between fertilized and unfertilized 
occurred at 2-3 leaf stage. N concentration ·-patterns were similar 
with respect to Site 1 and Site 2. 
0 . 60 
0 . 50 .. � 
o .4o i 
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Figure 3 .  Percent P of oat plants at three stages of growth as 
influenced by two fertility levels at two sites, Brookings County 
(Site 1) and Grant County (Site 2) .  
Figure 3 shows the P concentration in oat plants at  three 
stages of growth. The fertilized treatment showed rapid decline 
in P over the three stages of growth. On the other hand, the 
unfertilized treatment remained relatively unchanged over the same 
sampling period. Small differences between fertilized and unfertili­
zed treatments occurred in P concentration at the joint stage of 
· growth. Early in the season (2-3 leaf stage) the difference between 
treatments was quite large. Similar results were obtained from both 
sites. 
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Figure 4. Percent K of oat plants at three stages of growth as 
influenced by two fertility levels at two sites, Brookings County 
(Site 1) and Grant County (Site 2) . 
Percent K in oat plants (Figure 4) was very· similar for the 
fertilized and unfertilized treatments at Site 1. Site 2 showed 
identical patterns between treatments; however, the relative K 
concentration of the unfertilized treatment was 22% greater than 
the fertilized treatment . Comparing the two locations, it was not 
possible to tell whether K increased or decreased during the 
- sampling periods. 
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Figure 5. Percent S of oat plants at three stages of growth as 
influenced by two fertility levels at two sites, Brookings County 
(Site 1) and Grant County (Site 2) . 
Percent S (Figure 5 )  showed similar patterns between locations 
and treatments. The overall pattern showed a decline in S as the 
season progressed. The decline was more pronounced between the 




Figure 6 .  Percent Ca of oat plants at three stages of growth as 
influenced by two fertility levels at two sites, Brookings County 
(Site 1) and Grant County (Site 2) . 
Ca concentrations, expressed in Figure 6, show inconsistent 
results early in the season. Wide differences existed between 
fertilized and unfertilized treatments at joint stage for Site 2. 
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Figure ? .  Percent Mg of oat plants at three stages of growth as 
influenced by two fertility levels at two sites, Brookings County 
(Site 1) and Grant County (Site 2) . 
Mg concentration patterns (Figure ?) showed slight declines 
with progressive samplings. The tiller stage of growth shows 
the largest deviation between treatments with the fertilized 
treatment being greater than the unfertilized treatment. Patterns 
are similar between locations. 
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Figure 8. Zn concentrations (ppm) of oat plants at three stages of 
growth as influenced by two fertility levels at two sites, Brookings 
County (Site 1) and Grant County (Site 2) . 
Zn concentrations were different with �espect to locations 
(Figure 8) . Large differences existed between fertilized and unfer­
tilized treatments at 2-3 leaf stage for Site 1;  At the tiller and 
joint stages , concentrations of Zn in oat plants were the same for 
both treatments at Site 1. Zn concentrations for both treatments 
decreased from the tiller to the joint stage at Site 1. Site 2 
showed a rapid decrease in Zn from the 2-3 leaf to the tiller stage 
of growth. The fertilized treatment showed higher concentrations at 
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Figure 9. Mn concentrations (ppm) of oat plants at three stages of 
growth as influenced by two fertility levels at two sites, Brookings 
County (Site 1) and Grant County (Site 2) . 
Early in the season, Mn concentrations (Figu.re 9) tended to be 
higher for the unfertilized treatment. The Mn concentrations at 
the joint stage of growth seemed to be similar with respect to 
treatments at both sites. Mn levels between sites were different 
with Site 2 values about 20 ppm Mn .higher at the joint stage of 
growth. Mn concentration patterns decreased for the unfertilized 
treatments and increased for the fertilized treatments. 
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Figure 10 . Fe concentration (ppm) of oat plants at three stages of 
growth as influenced by two fertility levels at two sites, Brookings 
County (Site 1) and Grant County (Site 2).  
Rapid declines in Fe concentrations occurred at Site 2 as the 
season progressed ( Figure 10) . Small differences existed between 
the fertilized and unfertilized treatments at the joint stage of 
growth at either site. Locations showed similar patterns of decline 
between the tiller and joint stages of growth. 
Table 5 .  Single degree freedom analysis for thre13 stages of growth for nine plant 
nutrients in oat plants 
Comparisons a %N %P 
3 vs 1 ,  2 4774. 0** 212. 6**  
1 vs 2 2022. 6** 2. 94 n .s .  
a 1 = 2-3 Leaf Stage 
2 = Tiller Stage 
3 = Joint Stage 
* Significant at the . 05 level 
** Significant at the . 01 level 
%K %s %ca %Mg ppm Zn 
F Values 
14. 39* 6,50 . 0* *  63 .81* *  67. 19� * 19. 71**  
o .47 n .s .  550 . 0**  13 . 92**  43 .48* *  16.49* 
ppm Mn 
7. 34* 
10 . 91* 
ppm Fe 





Boot and Bloom Stages 
In this portion of the experiment, the small grain plants were 
divided into four plant parts (flag leaf; 1st node stem and head ; 
2nd� 3rd, 4th node leaves; and 2nd, Jrd, and 4th node stems) . Oat 
plant results reported in the following tables have a similar pattern 
to that of spring wheat and barley for all nutrients (Tables 6 and 7 ) . 
Single degree of freedom analysis - is also reported for the four plant 
parts Df the three crops (Tables 8 and 9 ). 
Table 6 shows the concentrations and differences in concentra­
tions between the boot and bloom stage of growth for each nutrient 
witb respect to the fertilized treatment. Since the fertilized 
tre� tment was an application of N and P ,  these two nutrients will 
be covered in detail.  Table 7 shows the concentrations and concen­
tration differences of each nutrient for the unfertilized treatment 
between the boot and bloom stages of growth. Both tables were used 
to show the effects of treatment on nutrient concentrations. 
Differences between fertilized and unfertilized treatments 
were small with respect to N. All four plant parts at both sites 
showed little difference in N concentration with regards to fertility 
treatment, with the exception of the first node stem at the boot 
stage at Site 1. Here the first node stem showed a 0. 6% difference 
between fertilized and unfertilized treatment. 
Results from Tables 6 and 7 showed that there was essentially 




With regards to the stage of growth, the 2nd, 3rd, and 4th node 
leaves showed an average decrease in N concentration of 0 . 5% between 
the last two stages of growth (Tables 6 and 7 ) . The other three 
plant_parts showed an average decrease of approximately 0. 3% N. 
P concentrations decreased from the boot to bloom stage (Table 
6 and 7 ) . The largest decrease in P occurred in the upper stems 
(first node stems) with an average decrease of about 0 . 05% P. The 
flag leaves and the lower stems showed approximately the same average 
decrease in P, 0. 04% P, while the lower leaves decreased by an 
average of about 0. 03% P from the boot to bloom stage. 
In general, K concentrations decreased slightly for both unfer­
tilized and fertilized treatments from the boot to bloom stage for 
all plant parts at both locations (Tables 6 and 7 ) . 
S concentrations from Tables 6 and 7 showed roughly no change 
in concentrations from the boot to bloom stage. This was true for 
both treatments at the two sites. 
Ca concentrations increased from the boot to bloom stage in the 
flag leaves at Site 1 for both treatments, while Ca concentrations 
decreased in the flag leaves at Site 2 (Tables 6 and 7 ) . The 1st 
node stems and 2nd, Jrd, and 4th node leaves decreased in concentra­
tion from the boot to the bloom stage. Ca concentration decreased 
in the lower stems at Site 1, while it increased in the lower stems 
at Site 2,  for both fertility treatments. 
In general, Mg concentrations decreased slightly from the boot 
to bloom stage (Tables 6 and 7) . 
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Table 6 shows that Zn concentrations from the fertilized treat­
ment increased in the flag leaves at Site 1 and in the lower stems 
and leaves at Site 2. Table 7 shows that, for the unfertilized 
treatment, Zn concentrations decreased slightly in all plant parts. 
Mn concentrations increased from the boot to bloom stage for 
both fertilized and unfertilized treatments (Tables 6 and ?) . Rapid 
increases occurred at Site 2 for all plant parts. 
Consistently large increases in Fe occurred in the flag leaves 
for both sites and treatments from the boot to bloom _stage. Rapid 
changes also occurred in other plant parts, but they did not consis­
tently increase or decrease. 
Single degree of freedom analysis of plant parts is presented 
in Tables 8 and 9. These tables show that all plant parts were 
highly significantly different for N, P, S, K and Mn. The difference 
between the flag leaf and 2nd, 3rd, and 4th node leaves were signifi­
cant at the 0. 05 level for Ca and Mg, and were nonsignificant for Fe. 







2 ,  3 ,  4 
node 
leaves 
2 , 3 , 4 
node 
stem 
Nutrient concentration levels of oat plant parts at boot and bloom stages as  
influenced by location and the fertilized treatment 
Stage of N p K s Ca Mg Zn Mn 
Growth % % % ob % % ppm ppm I 
SITE 1 
boot 3. 6 0. 24 1 . 7  0 .. 19 o . 44 0 . 39 23 26 
bloom 3. 5 0. 21 1 . 8  0 .. 20 0. 62 0. 12 27 33 
diff . -0 . l  -0. 03 +o . l  +0 .. 01 +0. 18 -0 . 27 + 4 + 7 
boot 2 . 2  0. 27 1. 6 0 . 14 0 . 20 0 . 27 21 19 
bloom 1 . 5  0 . 21 1 . 3 8 . 10 0 . 16 0 . 18 20 23 
diff . -0. 7 -0 . 06 -0. 3 - J . 04 -0 . 04 -0 . 09 - 1 + 4 
boot 3 . 0  0 . 19 1 . 9 ,) . 21 0. 61 0 . 34 21 34 
bloom 2 . 4  0 . 16 1. 9 1) . 20 0 . 60 0 . 32 17 40 
diff. -0. 6 -0. 03 o . o  -0 . 01 -0 . 01 -0 . 02 - 4 + 6 
boot 1 . 0 0. 19 2. 2 0 . 13 0 . 22 0 . 21 14 34 
bloom o . 6  0 . 12 1 . 7 0. 08 0. 10 0 . 12 11 33 

















Table 6 .  ( Continued) 
Stage of N p K s 
Plant Part Growth % % % �i 
SITE 2 
flag leaf boot 3 . 2  0 . 22 1. 4 0 . 22 
bloom J .l  0. 22 1 . 7  0 .. 23 
diff. -0 . 1  o . oo +0. 3 +0 � 01 
1st node boot 1 . 6  0. 28 1 . 3  0 .. 10 
stem bloom 1. 4 0. 24 1 . 1  0 . 10 
diff . -0 . 2  -0. 04 -0. 2 0 ., 00 
2 ,  J ,  L} boot 2 . J  0 . 17 l . J  J . 19 
node bloom 1 . 9  0 . 14 l . J  J .  16 
leaves diff . -0 . 4  -0 . 03 o. o - ) . OJ 
2 ,  3 ,  4 boot 0 . 7  0 . 22 1 . 4  t) . 10 
node bloom 0. 5 0. 18 1. 2 0. 07 
stem diff . -0 . 2  -0 . 04 -0 .• 2 -0 . 0J 
Ca Mg Zn 
% % ppm 
0. 61 o. 42 27 
0 . 52 0 . 32 27 
-0 . 09 f -0. 10 0 
0 . 26 0 . 19 21 
0 . 23 0 . 21 21 
-0. 0J +0 . 02 0 
o . 64 o. 4o 18 
0. 45 0 . 39 23 
-0. 19 -0 . 01 + 5 
0 . 19 0 . 18 14 
0 . 26 0 . 19 24 































Table 7. Nutrient concentration levels of oat pla.nt parts at boot and bloom stages 
as influenced by location and the unfertilized treatment 
Stage of N p K s Ca Mg Zn 
Plant Part Growth % % % % % % ppm 
SITE 1 
flag leaf boot 3. 4 0. 25 1. 8 0. 19 0. 35 0. 28 26 
bloom 3. 1 0. 18 1. 8 J. 20 o. 49 0. 29 17 
diff. -0. 3 -0. 07 o. o +J. 01 +o. 14 +0. 01 - 9 
1st node boot 1. 6 0. 24 1. 6 0. 11 0. 16 0. 18 24 
stem bloom 1. 4 0. 19 1. 3 · 0. 10 0. 13 0. 16 23 
diff. -0. 2 -0. 05 -0. 3 .-0. 01 -0. 03 -0. 02  - 1 
2, 3 ,  4 boot 2. 9 0. 17 2. 5 0. 29 0. 50 0. 30 23 
node bloom 2. 2 0. 13 2. 4 0. 28 o .44 0. 25 21 
leaves diff. -0. 7 -0. 04 -0. 1 -0. 01 -0. 06 -0. 05 - 2 
2, 3, 4 boot 1. 0 0. 16 2. 4 0. 14 0. 18 0. 21 21 
node bloom o. 6 0. 11 2. 2 0. 10 0. 09 0 . 14 14 
































Table 7. ( Continued) 
Stage . of N p K 
Plant Part Growth % % % 
flag leaf boot 3 . 3  0. 23 2 . 1  
bloom 2 . 7  0 . 17 1 . 5  
diff. -0. 6  -0 . 06 -0. 6 
1st node boot 1. 4 0 . 30 1 . 6  
stem bloom 1. 4 0 . 25 1. 3 
diff . o . o  -0. 05 -0 . 3 
2 ,  3 ,  4 boot 2. 1 0. 20 2. 5 
node bloom 1. 8 0. 19 2. 4 
leaves diff . -0. J -0. 01 -0. 1 
2 ,  3 ,  4 boot 0. 8 0 • . 24 2. 3 
node bloom o . 6  0 . 23 2. 0 
stems diff . -0 . 2  -0. 01 -0 . 3  




0. 20 0 . 43 0 . 22 
0 . 18 0 . 29 0 . 22 
--0 . 02 -0. 14 o . oo 
0 , 10 0 . 18 0. 18 
0 .. 12 0 . 16 0. 17 
+0 . 02 -0. 02 -0. 01 
0 .. 25 0. 53 0. 35 
0 .. 19 o . 43 0. 27 
-0 ., 06 -0. 10 -0 .. 08 
0 .. 10 0. 15 0 . 19 
0 .. 14 0. 23 0. 20 





- 5 - 1 
22 12 
20 23 
- 2 +11 
20 40 
16 61 
- 4 +21 
18 26 
14 54 

















Table 8 .  Single degree of freedom analysis  of oat plant part$ for N ,  P , S ,  Ca , Mg , and . . 
Zn concentrations 
Comparison a %N 
4 vs 1 ,  2 ,  3 4815 . 34** 
2 vs 1, 3 2517 . 59** 
1 vs .3 81J . 64** 
a 1 = flag leaf 
2 = 1st node stem 
3 = 2nd ,  .3rd ,  4th ·node leave s 
4 = 2nd , 3rd , 4th node stems 
%P 
268 . 82** 
150. 54** 
150 . 54** 
%s %ca %Mg 
F Values 
431 .69*.* 80 . 42** 51 . 15**  
655 . ?4** 116 . 95** 64 . 59** 
71 . 04* * 6 . 97* 6. 2J* 
* S:Lgnif i cant at ;--0 5 level 
** Significant at . 01 level 
ppm Zn 
lJ . 66** 
1. 04 n. s .  
16. 51**  
Table 9 .  Single degree of freedom analysis  of oat plant parts for K ,' Mn, and Fe concentrations 
C . a omparison 
2 vs 1 ,  J , 4 
4 vs 1 ,  3 
1 vs J 
a 1 = flag leaf 
2 = 1st node stem 
%K 
84.42** 
49 . 63** 
102 . 06** 
ppm Mn 
F Value·s 
565 . J2** 
284 . 07** 
98.62** 
ppm Fe 
4J . 45**  
138 . 51** 
. 0001 n. s .  
3 = 2nd , Jrd, 4th node leaves 
4 = 2nd , 3rd , 4th node stems 
* Significant at . 05 level 




DISCUSSION OF RESULTS 
Fertilizer treatments at the two sites were 45+22+0 ( kg/ha ; 
elemental basis ) f or Site 2 (Grant County) and 50+22+0 for Site 1 
(Brookings County ) .  Justification of fertilized treatments was 
obtained by observing the results of the fertilizer treatments for 
the factorial experiments conducted by P. L. Carson, Plant Science 
_ Department, South Dakota State University , at both sites. The most 
favorable treatment for both sites was 67+22+o. This indicates that 
near optimum rates of N and the optimum rate of P wer·e applied . 
Two-Three Leaf , Tiller and Joint Stages 
Plant analysi� dete·r·:tnirJ.atluris uf N, P, K, S, Ca, Hg, Zn, Hn, and 
Fe were carried out on the entire plant for the first three sampling 
periods. Fertilized and unfertilized plots at two sites ( Brookings 
and Grant Counties) were harvested for analysis at the given stages 
of growth. 
Macro Nutrients - N ,  P ,  K 
N showed a significant decline in nutrient concentration over 
the three stages of growt� sampled ( Fig�re 2 ,  page 23 ) .  On the 
fertilized plot of Site 1 ( Brookings County) N declined from 5 . 5% 
at the 2 - 3 leaf stage to 3. 5% at the j oint stage. P c oncentrations 
were not significantly different between the first two stages of 
sampling ( Table 5, page 32 ) , but were significantly lower for the 
j oint stage. N and P concentrations were highest at the first 
sampling stage, which is in accordance with Boatwright et al. (6) . 
They observed that the decrease in N and P concentration was greatest 
under the N-P fertilized treatment which was true for these data. The 
largest concentration differences between the two N-P fertility treat� 
ments occurred at the 2 - J leaf stage of growth for N and P .  At the 
joint stage , N concentrations of the two fertility treatments were 
almost identical. The same was true for P concentration. This is in 
accordance with Hanway ' s  work with corn (16). 
On the average K concentrations were not significantly different 
between the first two stages of growth (Table 5 , page 32) . The 
unfertilized treatment of Site 2 contained a higher K concentration 
at all stages of growth. Relative K concentration was 20% lower on 
the fertilized treatment at Site 2 I r,  ' ,.... ' '\ \ uranc L,oum:,y) . 
. Soil test levels between sites contributed to some of the vari-
ability of N and P (Table 3 , page 16) . The variability of K between 
sites was not accounted for by the difference in fertility levels of 
the soil, since Site 1 soil K was 213 kg/ha of K and Site 2 soil K 
was 218 kg/ha of K. Site 1 had an O. M. content of J. 1% while Site 2 
had an O. M . content of 4 . 5% , however, little variation of N patterns 
occurred between sites. P concentration of oat plants exhibited the 
higher soil P level at Site 2. Site 2 contained 21 kg/ha of P while 
Site 1 contained 9 kg/ ha of P. As a result, early season P concen­
trations were slightly higher at Site 2. 
The figures r epresenting nutrient concentrations of the three 
stages of growth were used to decide on the stage of growth most 
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desirable for sampling oats and other small grains for plant analysis 
interpretation. Two criteria were used to determine the most desir­
able time to sample. They were: ( 1) the sampling stage must have a 
wide range in nutrient concentration between the fertilized and 
unfertilized treatments, and (2) the sampling stage must have a 
similar nutrient concentration over a period of growth. 
With these criteria in mind, N fulfilled the first criteria at 
· the 2 - 3 leaf stage of growth. However, N concentration declined 
rapidly during the sampling periods. Therefore, N did not meet the 
second criteria. P fulfilled both criteria at the 2 - 3 leaf stage 
· with an average difference of 0 . 25% P between fertilized and 
unfertilized treatments and a slow change in concentration between 
adjacent sampling periods. For N and P the period which fulfilled 
the first criteria was the 2 - 3 leaf stage of growth . N and P 
showed maximum differences between treatments at this point. 
K concentrations at the three stages of growth showed that ful­
fillment of the second criteria depends on the site. Site 1 gradually 
changed in K concentration as the season progressed. However, Site 2 
showed a rapid increase in K concentration from the 2 - 3 leaf stage 
to the tiller stage and a rapid decrease from the tiller stage to 
the joint stage. Generally, K concentration of o�t plants during 
these sampling periods met the second criteria. 
Secondary Nutrients - S, Ca, Mg 
Figures 5 ,  6, and 7 show S, Ca and Mg concentration patterns for 
the first three stages of growth. Statistical analysis indicated that 
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S, Ca, _and Mg were significantly different at each sampling stage 
(Table 5 , page 32 ) . Ca and Mg patterns were similar. S ,  although 
similar between sites, showed small decreases over the three sampling 
periods for both treatments. 
S concentrations showed a decrease as the season progressed, 
The unfertilized treatment showed a moderate decrease in S from the 
2 - 3 leaf stage to the tiller stage but essentially no change in the 
S concentration from the tiller stage to the joint stage. On the 
other hand, the fertilized treatment decreased in S concentration 
throughout the first three stages of growth. Site 1 decreased from 
0 . 37% S at the 2 - 3 leaf stage to 0 . 25% at the joint stage of growth. 
Similarly, Site 2 decreased from 0. 36% to 0. 20% respectively.  
Ca  and Mg concentrations changed only slightly over the first 
three · sampling periods. Therefore, these two nutrients met the second 
criteria for plant analysis. S ,  on the other hand, was questionable 
as to whether it fulfilled the second criteria. _ The determining 
factor appeared to be the amount of N - P fertilizer applied. 
Using N and P as a basis for selecting the most desirable sampling 
period ,  the 2 - J leaf stage was the stage of growth to sample.  N and 
P concentration differences between treatments revealed the necessity 
of sampling early. N ,  P ,  K, S, Ca, and Mg can be c1nalyzed on small 
grains using the entire plant at the 2 - 3 leaf stage of growth to 
indicate su.fficiency and deficiencies of small grains. 
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Micronutrients - Zn, Mn, Fe 
One of the more dramatic expressions of Figures 8 and 9 is the 
difference in nutrient concentrations between locations. Zn concen-
trations for the unfertilized treatment were approximately the same at 
the 2 - 3 leaf stage, while the fertilized treatment showed a large 
difference in Zn concentrations between locations. On the other hand, 
Mn concentrations at the 2 - 3 leaf stage of growth showed the opposite 
· effect. Mn concentrations for the unfertilized treatment showed large 
differences between locations, while the fertilized treatment resulted 
in similar concentrations between locations. Soil test results (Table . 
· 3, page 16) show that . Zn and Mn concentrations in the_ surface soils 
were higher at Site 2 than at Site 1 (9. 7  ppm Zn and 236 ppm Mn vs. 
5 . 9  ppm Zn and 163 ppm Mn) . It has been assumed . that the greater the 
soil nutrient level, the greater the concentration expected in the 
plant. However, nutrient patterns of Zn and Mn show that N - P 
fertility may have some bearing on this assumption. 
Figure 10 shows that Fe concentrations generally decreased through­
out the first three sampling periods. Although the Fe concentration 
patterns show a relatively predictable pattern, variability of Fe con­
centrations between replications was substantial. A possible explana­
tion for the variability may be accounted for in the washing procedures 
used to clean plants. 
Because of the variabilities in Zn, Mn, and Fe concentrations 
discussed above, more research is needed in this area before sound 
recommendations for plant analysis can be made. 
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Boot and Bloom Stages 
As stated earlier plants from the boot and bloom sampling periods 
were divided into four parts. Sampling carried out during these later 
stages of growth has been used principally as a monitoring device for 
determining sufficiency levels of nutrients. Thus, the purpose of 
this phase of the experiment was to determine which plant part was 
most indicative of the nutrient status of the plant. Entire plants 
w.ere not used. One reason was that the sample part should be compar­
able at any sampling time during the latter part of the growing sea­
son (33) . �or example, the entire plant may lose the lower leaves, 
ligules, and sheaths as the plant approaches maturity. Thus, the 
entire pl,q,nt, woul d not he nomp,q r:::ihl A =  '1:'hA 5 Ac0nd !'B-8. son was :mentioned 
by Hanway (16) who found that concentrations of N, P, and K in corn 
plants at the end of the growing season were not affected by N P 
fertilizer treatments . Thus, plants were divided into parts to 
determine if larger variations between fertilized and unfertilized 
treatments could be found. 
Tables 6 and 7 indicate the relative rapidity in which nutrient 
concentrations increase or decrease from the boot stage to the bloom 
stage. Comparing the two tables, it was pos sible to determine the 
differences of N and P with respect to fertility treatments. Small 
deviations resulted with respect to plant parts for both N and P. 
The largest deviation between treatments occurred in the lower 
leaves at the bloom stage of growth for P .  This difference was 0 . 06% 
P .  There was no significant difference between fertility treatments 
for N concentrations of any plant parts. 
Statistical analysis (Table 8,  page 40) shows that N and P con­
centrations among plant parts were highly significant. 
Comparing the boot and bloom stages, N showed large decreases. 
Relative N concentrations decreased 25% for upper and lower stems 
between the boot and bloom stages at both sites. The lower leaves 
also showed relatively large de creases ( 25-JO%) .  The flag leaves 
decreased to a lesser extent than other plant parts. 
Generally, P concentrations decreased rapidly for all plant 
parts between the boot and bloom stages for both treatments and both 
sites. 
Since small deviations existed between h·ea tment and large 
decreases occurred between stages of growth, it was not possible to 
relate N and P concentrations to a desirable plant part to sample. 
On this basis, sampling plants during this portion of the growing 
season is not advantageous. If desirable relationships cannot be 
found for N and P ,  there is little advantage in analyzing other 
nutrients for interpretation where only N and P fertility is  
involved. 
Application to Spring Wheat and Bariey 
Since nutrient patterns of spring wheat and barley were similar 
to those of o·ats, it is possible to use the same recommended sampling 
dates, and in the later stages of growth , the same plant parts as 
48 
was recommended for oats. Although the statistical analysis (Appen­
dix , .Tables 1 and 2) showed that crops were significantly different 
with the majority of the nutrients discussed, the main difference of 
nutrient concentrations among crops was due to different concentra­
ti ons in spring wheat and barley and not to different nutrient 
patterns of the crops. 
Averaging across sites and treatment the following relative 
percentage differences were found at the first three sampling periods 
for barley with respect to oats : Ca, 122% gre ater ; Mg and S, 21% 
greater. N, P, K, Zn, Mn, and Fe concentrations were similar to the 
concentr�tion of oats for the first three sampling periods . 
Although not as dramatic, differences were also found between 
spring wheat and oats . S, Ca, and Mn concentrations in wheat were 
slightly lower for the first three sampling periods. The remaining 
six nutri�nts (N, P, K, Mg, Zn and Fe ) were of similar concentrations 
to that of oats . 
Table 10 shows the nutrient concentration me ans of oats, spring 
wheat and barley in the 2, 3, 4 node leaves for the boot and bloom 
stages of growth. The lower leaves results were used in Table 10 
since this plant part closely co�responds to plant part sampled under 
the present system. 
Barley showed several large _ differences from oats ( Table 10 ) .  
The relative percentage differences in nutrient concentration of the 
lower leaves of barley in th� boot stage with respect to oats are : 
P, 39% greater ; S, 50% greater; Ca, 111% greater ; Mg, 6 0% gre ater 
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and Mn, 33% greater ( all greater for Barley) .  N, K, Zn, and Fe 
conc�ntration of lower leaves of barley showed relatively the same 
results as that of oats •. 
At the bloom stage of barley the concentration differences of 
the lower leaves had changed drastically (Table 10 ) .  The changes 
were : _ N, 34% greater ; P, 37% greater ; S, 83% greater ; Ca, 104% 
greater; Mg, 67% greater ; Zn, 52% greater ; Mn, 25% greater ; and Fe, 
· 44% greater than oats . K in lower leaves of barley at the bloom 
stage showed 36% less relative concentration in barley compared to 
oats. 
At the boot stage, spring wheat lower leaves had three nutrients 
in greater concentration than oats (Table 10 ) . They were : P, 39'1, 
greater; Zn, 28% greater ; and Mn, 49% greater. At the bloom stage of 
growth ·spring wheat showed the following relative percentage dif­
ferences with respect to oats : S, 25% greater ; Ca, 23% less ; Zn, 
27% greater ; Mn, 24% greater; and Fe, 35% greater than oats. 
If these general relationships are kept in mind, it w�ll be 
possible by sampling to interpret nutrient concentrations of barley 
and wheat according to recommendations for oats . 
50 
Table 10. Nutrient means of the lower leaves of oats , spring wheat 
and barley at the boot and bloom stages of growth 
Boot Stage Bloom Stage 
Spring Spring 
Nutrient* Oats Wheat Barley Oats Wheat Barley 
N ,% 3. 1  2 . 9 3. 2 2. 0 2.3 2. 7 
P,% 0. 18 0 . 24 0. 25 0. 18 0. 18 0. 24 
K,% 2. 0 1 . 8  1. 7 1. 9 1. 8 1. 6 
s ,% 0. 24 0 . 26 0. 36 0. 20 0 . 25 0. 36 
Ca ,% 0. 56 o. 41 1. 18 0. 52 o.4o 1. 06 
Mg ,% 0. 35 0. 34 0 . 56 0. 36 0. 34 0 . 60 
Zn, pp,.'11 21 27 24 20 25 JO 
Mn ,ppm 34 51 46 47 61 62 
Fe , ppm 80 70 80 72 97 104 
* Averaged across sites and treatments 
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CONCLUSIONS 
Nutrient concentrations of oats, spring wheat, and barley were 
studied in the field to determine the most desirable time and plant 
part to sample as an indicator of the nutrient stat�s of plants. 
Fertilized and unfertilized plants at two sites were planted to these 
three crops as a basis for determining the objectives. 
The study was divided into two parts. The first part included 
the first three sampling periods. These three sampling periods ( 2  - 3 
leaf , tiller , joint stages) led to some interesting conclusions. N 
values tended to decline moderately from the 2 - 3 leaf stage of growth 
to the joint stage of growth. This decrease was from 5 . 5% to J . 5% N 
N on Site 2 (fertilized) over the same period of time. P declined 
quite slowly but consistently for the first three sampling periods. 
K showed higher concentrations (relatively 22%) in the unfertilized 
treatment than in the fertilized treatment. This is in accordance 
with other research work which has received N fertilization. Since 
the 2 - 3 leaf stage of growth showed large deviations between the 
fertilized and unfertilized treatments for N and P, this stage of 
growth is recommended as the most desirable period to sample for 
plant analysis interpretation . 
Ca , Mg, and S showed similar patterns in concentrations between 
the fertilized and unfertilized treatments . These three nutrients 
showed maximum differences between treatments at the tiller stage of. 
growth. 
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Zn, Mn ,  and Fe showed variability between locations and treat­
ments early in the season. For example , at Site 2 Mn declined from 
83 ppm to 64 ppm Mn on the unfertilized treatment and increased from 
41 ppm to 63 ppm Mn on the fertilized treatment from the 2 - 3 leaf 
stage to the joint stage of growth. From the results it was not 
possible to interpret the concentration patterns shown. 
Thus, the results of the first part of the experiment showed that 
the most desirable period to sample for plant analysis interpretation 
is between the 2 - J leaf stage and tiller stage of growth. N, P, K ,  
Ca , Mg , and S can be analyzed on small grains during this period. Zn , 
Mn,  and Fe will be difficult to interpret for small grains until more 
work can be conducted on these three nutrients. 
The second part of this study, dealing with the final two 
sampling . periods ( boot and bloom stages) , consisted of dividing the 
plants into four parts ( flag leaves ,  1st node stems, 2nd, Jrd, and 
4th node leaves ; and 2nd, Jrd ,  and 4th node stems) .  Results showed 
there was no difference in N and P levels between fertilized and 
unfertilized treatments for either stage of growth . Also, large 
decreases in N and P concentrations resulted between stages of growth . 
Thus, there was no basis upon which to select a plant part to use in 
indicating the N and P nutrient levels of the plant . In addition , it 
is difficult to make any conclusions or comparisons for the other 
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APPENDIX 
Appendix Table 1. 
Comparisons a %N 
Single degree of freedom ( F  test) of . crops at first three sampling stages 
( 2-3 leaf ,  tiller, joint stages ) for nine individual nutrients 
%P %K %s %ca %Mg ppm Zn ppm Mn 
F Values 
ppm Fe 
3 vs 1, 2 2. 80n.s. . 08n.s. 8. 64* 1000. 00** 2375 - 5** 160. 00** 4. 40n. s. 30. 28* *  36. 02** 
11. 85* 
a 1 = Oats 
2 = Spring ·Wheat 
3 = Barley 
Appendix Table 2. 
Comparisonsa %N 
12. 50* 13. 10* 136. 36**  22. 4** . 20n.s. . 4ln.s. 16. 80** 6. 91* 
* Significant at . 05 level 
* *  Significant at . 01 level 
Single degree of freedom ( F  test) of crops at last two sampling stages 
(boot and bloom stages) for nine individual nutrients 
%P %K %s %ca 
F Values 
. %Mg ppm Zn ppm Mn ppm Fe 
1 vs 2, 3 118. 97** 69. 84** 797. 00**  257. 58**  102. 84** 176. lO* *  2. 66n.s. n.s. 5. 73n. s. 
2 vs 3 10. 95* 
a 1 = Oats 
2 = Spring Wheat 
3 = Barley 
2. 75n.s. 33. 16**  41. 67** 1171. 14* *  635. 22** 
* Significant at . 05 level 
**  Significant at . 01 level 
. 3on.s. n.s. 5. 17n.s. 
V\ 
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Appendix Table 3. Mean nutrient concentrations of spring wheat at three stages of growth as  
influenced by two fertility levEils at two sites 
2 - 3 Leaf Tiller Joint 
--
Site Nutrient Fertilized Unfertilized Fertilized Unfertilized Fertilized Unfertilized 
1 N,% 5 . 5 4. 6 4. 7 3. 9 3. 1  3. 0 
2 5 . 5 4.4 4. 8 3. 6 2. 6 2.4 
1 P ,% 0. 52 0. 26 o. 46 0 . 32 0. 32 0. 32 
2 0. 60 0. 37 0. 54 0. 37 0. 34 0. 32 
1 K ,% 3. 1 3. 3 2. 6 3. 1 2. 9 3. 1  
2 2 . 3  2. 2 2. 3 2 . 4  1. 6 2. 2 
l s ,% 0. 29 0. 25 0. 24 0. 22 0. 22 0. 23 
2 0. 33 0. 28 0. 25 0. 24 0. 20 0. 20 
1 Ca ,% o.43 0. 34 0. 36 0. 31 0. 34 o. i3 
2 0. 63 0 . 57 o.42 o .45 0. 32 0. 26 
1 Mg ,% o.42 0. 33 0 . 36 0. 27 0. 29 0 . 25 
2 0 . 56 0 . 56 0 �44 o.4o 0. 38 0 . 27 
1 Zn,pprn 47 41 Jl 31 26 27 
2 46 42 :35 34 29 31 
l Mn,ppm 54 . 38 :39 28 42 37 
2 47 68 , J4 58 55 39 
l Fe ,ppm 98 64 110 115 77 63 




Appendix Table 4. 
Site Nutrient 


















Mean nutrient concentrations of barley at three stages of growth as 
influenced by two fe!tility levels at two sites 
2 - 3 Leaf Tiller Joint 
-
Fertilized Unfertilized Fertilized Unfertilized Fertilized Unfertilized 
' 
5. 5 4.6 3.6 3. 1 3. 3 2 . 9  
5 .6 4.4 4.2 3. 3 2 . 7 2. 5  
o. 43 0. 32 o . 4o· 0 .29 · 0. 32 0.24 
0. 57 0. 36 0. 50 o.42 0 . 33 0. 44 
3. 0 3 . 0  2.6 2.6 2. 4 2 . 9  
1. 9 2. 4 2 . 3 2. 4 1. 7 2.4 
0 . 36 o.42 0.27 o.4o 0 .24 0. 36 
0. 38 o. 43 0 . 32 0. 36 0.21 o.4o 
1. 04 0. 86 1. 05 o. 84 0. 92 0. 74 
1 .62 1. 14 1.20 0 . 96 1. 00 0. 90 
o. 45 o. 47 0. 36 0.27  0. 38 0. 34 
o.64 0.61 0. 55 0. 50 0. 50 o.48 
J4 37 JO 33 28  34 
27 25 J3 27  36 37 
44 · 51 . l}7 41 42 39 
77 114 66 91 53 55 
64 74 110 8.6 69  59 
167 142 B9 88 69  78 
°' 
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Appendix Table 5 .  Raw data of oats nutrient concentration of fertilized and unfertilized 
treatments at the first th:re:e stages of growth for both sites 
Stage of N p K . s Ca Mg Zn Mn Fe 
Treatment Growth % % % % % % ppm ppm ppm 
SITE 1 
Fert . 2-3 leaf 5 . 5  0 . 51 3 . 2  0 . 36 o .44 0 . 38 30 . 4  40 .6 113 
tiller 4 . o  o . 46 2 . 9 0 . 27 - o . 48 o . 41 40 . 1  48 .6 139 
j oint 3 • .5 0 . 34 . 2 .  9 0 . 25 o.44 0 . 34 31 . 2  46 . o  81 
Unfert . 2-3 leaf 4 .4  0 . 27 3 . 3  0 . 33 o .4o 0 . 31 39 . 3 . 61 . 1  103 
tiller 3 . 4  0 . 28 2 . 8  0 . 26 0 . 38 0 . 30 40 . 9  37 .6 110 
j oint 2 . 9  0 . 29 2 . 9  0 . 27 0 . 39 0 . 30 31 . 4  46 . 5  84 
SITE 2 
Fert.  2-3 leaf 5 . 4  0 . 55 1 . 9  0.36 0 • .50 o . 47 45 . 4  40 . 8  177 
tiller 4 . o  0 . 51 2 .6 
. 
0 . 28 0 . 50 . o .46 35 . 8  42 . 4  123 
j oint 2 . 9  0 . 30 2 . 1  0 . 20 0. 55 o . 45 33 . 3 63 . 1  61  
Unfert. 2-3 leaf 3 . 9 0 . 28 2 . 5  0 . 34 0 . 57 o . 43 38 . 3  83 . 8  145 
tiller 3 . 0  0 . 34 3 . 2  · 0 . 24 o . 42 0 . 35 22 . 3  72. 8 74 




Appendix Table 6. Yield, test weight and p1-otein content of oats , 
spring wheat and barley at site 1 (Brooking s 
County) for the fertilized and unfertilized 
treatments 
62 
* Yield Test Protein 
Treatment hl/ha 
Oats 
u 31 .4  
f 49 . 0  
f 65 .4  
u 42. 8 
u 34. 3 
f 44. 9  
f 47. 2 
u 27 . 6  
Spring Wheat 
u 19. 9 
f 21.i- . 5  
f 32 . 4 
u 18. 3  
u 17. 0 
f 23 . 7 
f 33. 3 
u 23. 0 
Barley 
u 30. 2 
f 27 . 0  
f 39. 2 
u 24 . 8  
u 19 . 9  
f 35 . 5 
f 34. 3  
u 23 . 0  
u = unfertilized treatment 






























11 . 44 
10 . 38 
11 . 06 
14 . 38 
10. 62 
11 . 12 
15. 16 � ,.,, ""'"' ,,  







9 . 19 




10 . 31 
10 . 94 
10 . 56 
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Append.ix Table 7. Yield , test weight and protein content of oats , 
spring wheat and barley at site 2 ( Grant County) 
for the fertilized and unfertilized treatments 
* Yield Te st Protein 
Treatment hl/ha Weight Content 
Oats 45. 1  40 10 . 81 u 
f 42. 3  38 9. 50 
f 57. 1  39 9 . 69 
u 37. 9  40 10 .44 
u 42.4  38 11. 94 
f 60. 6  39 10. 12 
f 48. 3  40 9.44 
u 43. 2 40 9. 94 
Spring Wheat 
u 12 . 9  59 15 . 39 
f 13 . 5  58 15 . 22 
f 16 . 0  58 14 .31 
u 9 . 5  11 . 40 
u 9 . 0  13 . 62 
f 23 . 5  60 14 . 82 
f 19.6 58 14 . 65 
u 10. l 13. 51 
Barley 
u 8.4 8. 56 
f 19. 8 47 7. 75 
f 29. 7  46 6. 81 
u 7. 6 8 . 69 
u 8. 6 8. 62 
f 27. 0  46 6. 62 
f 29. 7  46 6.44 
u 6. 3 9. 38 
* 
u = unfertilized treatment 
f = fertilized treatment 
